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Executive Summary 
 

 During 2010, three main program goals were accomplished:  (1) a draft revised monitoring 

protocol with several additions and changes to the monitoring protocol was completed, (2) long-

term monitoring continued for the 20
th

 consecutive year, and (3) cooperative agreements 

established with University of Alaska, Fairbanks (UAF) and Alaska Pacific University (APU) to 

develop a glacier inventory for Alaska, focusing on a glacier extent and volume change products 

over the next 3 years (see separate Research Permit Reporting System (RPRS) report).  Glacier 

related research included the second year of a three year study to assess the impacts of human 

waste on the Kahiltna Glacier with APU (see separate RPRS report), analysis of 2006 LiDAR 

data and a 1970s Washburn topographic map of Muldrow Glacier continued by UAF, and a UAF 

M.S. student conducted mass balance measurements and installed a weather station on the lower 

Kahiltna Glacier (see separate RPRS report).  This paper presents the 2010 glacier monitoring 

results for the Vital Sign program of the Central Alaska Network (CAKN).   

 Long-term monitoring during the 2010 field season included Index Surveys.  Fieldwork 

was conducted at DENA during two field campaigns, in May and September.  The May 

campaign collected snow depth, snow density, glacier surface height, glacier stake height 

(in relation to the glacier surface), and precise stake position data at each index station on 

Kahiltna and Traleika Glaciers.  The precise location of one survey monument on the 

lower Muldrow Glacier surface was GPS surveyed to track changes in surface height and 

glacier velocity.  The September campaign collected glacier surface height, glacier stake 

height (in relation to the glacier surface), and precise stake position data at each index 

station.   

 

Reduction of the mass balance data shows a negative net balance at both index stations 

on each glacier.  The negative mass balance adds to the overall negative trend in the 

cumulative balance since measurements started in 1991, although this year marks the 

reversal of a shorter term positive trend since 2004 on Kahiltna Glacier with 2009 

marking the same reversal at Traleika.   

 

The surface speed of the Kahiltna Glacier at the index station was 195 m/year and 147 

m/year at Traleika.  The surface speed at the index station appears to be decreasing 

through time since 1991 on Kahiltna and increasing at Traleika with an unprecedented 

acceleration between May and September 2010.  

In addition, a GPS survey on East Fork Toklat Glacier collected glacier surface elevation 

data along a longitudinal profile, legacy mass balance stake location and heights, and 

several points to map the terminus position.  Panoramic gigapixel photography was 

newly employed this year for several sites: 360 degree panoramas at the index stations 

(spring and fall) and Muldrow Glacier monument (spring); panoramas were taken from 

vantage points above the lower sections of  East Fork Toklat, West Fork Cantwell (spring 

and fall); and one historic panorama at Oastler Pass above the lower Muldrow Glacier 

(spring) 



 

 

 A GPS survey conducted on East Fork Toklat Glacier shows dramatic thinning of over 

120 meters (400 feet) since the 1950s. 

In addition, fixed wing over flight was conducted in March to search for surging glaciers.  No 

glaciers were observed to surge during 2010.
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Introduction: Background 
 

Glaciers are a significant resource of mountain ranges in Alaska. The glacial resources of Denali 

National Park (DENA) and Wrangell-St. Elias National Park (WRST) are vast.  Glaciers in 

DENA cover ~4,000 km
2
, approximately one sixth of the area of the park.  Glaciers in WRST 

cover ~13,000 km
2
, approximately 25% of the park’s area.  They are integral components of the 

region’s hydrologic, ecologic, and geologic systems.  Compellingly, recent research indicates ice 

loss from Alaska mountains has been accelerating and significantly contributing to global sea 

level rise (Arendt et al 2002, 2008, Larsen et al 2009).  Glaciers continue to be monitored as a 

prominent and integral Vital Sign of the CAKN program in the landscapes and ecosystems of 

these parks.  

 

There are ten measurable objectives for glacier monitoring listed below.  This report details 

results of monitoring efforts at DENA leading to these objectives for the 2009/10 balance year.  

The balance year was from October 1, 2009 to September 30, 2010.   

 

 All Glaciers: 

 extent/area at 10-year intervals (equilibrium line altitudes (ELAs) are determined 

when possible); 

Selected Glaciers: 

 terminus morphology and longitudinal profile mapping. 

 general condition of selected glaciers via repeat photography; 

 assess ELAs on a yearly basis at selected glaciers throughout DENA; 

 identify surging glaciers and take measurements when possible; 

Index Glaciers: 

 winter balance at index stations; 

 summer balance at index stations; 

 net mass balance at index stations; 

 twice yearly surface elevation at index stations; 

 twice yearly glacier surface velocity near index stations; 

 assess surface cover in late fall for each index glacier; 

 

 

Methods 
 

Extent 
 
Comparative Photography 

We incorporated high resolution digital panoramic photography (also known as gigapixel 

panoramic photography) into the program this year.  Details of these methods are described in 

the corresponding standard operating procedure of the new protocol (Adema and Burrows, in 

progress).  Rob Burrows and Guy Adema took photos of East Fork Toklat Glacier, West Fork 

Cantwell Glacier, Muldrow Glacier, Traleika Glacier, and Kahiltna Glacier.  Dates, coordinates, 

and other metadata are in Table 1 (presented below in the results section) for each of these sites.    
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GPS Survey Mapping 

On September 21, Rob Burrows and Andrew Ackerman conducted a post-processed kinematic 

GPS (PPK) survey on the East Fork Toklat Glacier using two Trimble R6 receivers.  Historic 

survey point, NATASHA, served as the GPS base station for the duration of the roving survey on 

the glacier.  They walked a longitudinal profile, occupying previously surveyed coordinates and 

new ones on the profile.  In addition, when old mass balance stakes were spotted or encountered 

they recorded the stake name (if available), height above the surface, and surveyed the 

coordinates at the base of the stake.  

The GPS data was post-processed using Trimble Business Office software.  The base station data 

was processed against the National Geodetic Survey’s Continuously Operating Station data at 

Healy, AK (GRNX) for precise coordinates of NATASHA.  Then the rover data was post-

processed against the NATASHA base station data.   

Index Station Measurements 
The index stations on Kahiltna and Traleika Glaciers were visited three times each this year.  The 

methods for index stations are described in detail in Mayo (2001).  See Figure 1 for a visual 

representation of the methods and instruments, and Figures 2 and 3 for locations of index station.  

The first visit is designed to capture the maximum winter balance and occurred on May 18 on 

Traleika Glacier and May 19 on Kahiltna Glacier.  This May field campaign collected snow 

depth, snow density, glacier stake height (in relation to the glacier surface), glacier surface 

height, precise stake position data at each index station, and 360-degree gigapixel panoramas on 

Kahiltna and Traleika Glaciers. 

The fall visits, designed to capture the minimum balances for the year, occurred on September 12 

on Traleika Glacier and September 14 on Kahiltna.  The September campaign collected glacier 

surface height, glacier stake height (in relation to the glacier surface), precise stake position data, 

and 360-degree gigapixel panoramas at each index station.  We returned to both sites on 

September 15 to place new ablation stakes up glacier from the previous stakes.  The new 

Kahiltna stake name is K17-10-6M and is composed of three 2-meter long sections.  On the 

Traleika glacier the new stake name is T-10-7M and is composed of one bottom 3-meter long 

section and two upper 2-meter long sections.   

Mass Balance 

Glacier mass balance terms and variables used in this report follow the convention of Ostrem and 

Brugman (1991).  Balance (b) is a change in mass measured at a point (at a stake) on the glacier 

for one or more periods of time.  By convention the balance year (BY) is the period between two 

successive times of minimum balance in late fall.  The BY is designated by the calendar year in 

which it ends.  
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Figure 1.  An illustration of the measurements taken and instruments used at an index stake.  See 
text  and protocol for further explanation.  From Mayo (2001). 
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Accumulation includes all processes that add mass to the glacier such as snowfall, wind drifting, 

avalanching, rime ice buildup, rainfall, superimposed ice, and internal accumulation.  Winter 

balance (bw) is the sum of all accumulation and ablation during the winter season (also referred 

to as the accumulation season).  At the equilibrium lines of the index glaciers the time of 

maximum winter balance typically occurs in mid to late May.  The bw is the product of 

accumulated snow depth or height of snow, (hs) between the upper surface to the previous year’s 

summer surface and the snow density ( at a single point on the glacier surface.   

 

    bw = hs      (eq. 1) 

 

The summer surface is the surface of firn and/or ice on which the new winter season’s snow is 

deposited. A dirty layer and significant change in density typically identify it.  The height of the 

summer surface, as measured by the distance from the base of the stake, is designated b’ss.  

Likewise the height of the snow surface is designated b’ (Figure 1), such that: 

 

    hsnow = b’ – b’ss     (eq. 2)  

 

Ablation includes all processes that remove mass from the glacier such as melting and runoff, 

evaporation, sublimation, calving, and wind erosion.  The summer balance (bs) includes the total 

of all ablation and accumulation during the summer season at a single point on the glacier 

surface (always a negative value as indicated below).  

 

    bs = - (hsnow snow + hfirn firn + hice ice)  (eq. 3) 

 

Summer balance is determined at the end of the BY. At the equilibrium line of the index glaciers  
 

this typically occurs during the period of mid August to mid September.  The symbols bw and bs 

refer to values measured and/or calculated at a stake or other measurement point.  Likewise the 

local net balance (bn) is the change in balance calculated at a measurement point during one BY. 

These balance values are expressed in meters water equivalent (m w.e.).  

 

    bn = bw + bs      (eq. 4) 

 

In positive balance years the seasonal snow remaining at the end of the summer season is called 

new firn.  This remaining quantity is equivalent to a positive bn calculated in eq. 4. Snow that 

becomes new firn is a mixture of ice crystals, liquid water, and air.  However, the liquid 

component is in temporary storage.  Some of it is converted into internal accumulation by 

freezing during the next winter (Trabant and Mayo 1985); the rest drains from the glacier as the 

firn gradually compresses into glacier ice.  The liquid component of new firn creates a potential 

problem in glacier mass balance accounting, because the same material could be counted twice, 

once in the new firn, and a second time when it freezes.  Thus, the liquid component is 

subtracted from the snow balance when snow becomes new firn.  The amount of ice (without 

water) in new firn, bn(f), is found by subtracting the water volume retained by capillary retention 

from the arithmetic bn of eq. 4.   

 

   bn(f) = bn – Swi [hsnow(1- snow/ ice)]  (eq. 5) 
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where:   

hsnow of eq. 2, is the remaining snow at the end of the summer season. 

Swi is the irreducible water-volume constant, in other words the water retained in snow by 

capillary retention this is considered to be a ratio of 0.07 of the void space (Colbeck 1974). 

 
Equilibrium Line Altitude 
Fluctuations in the ELA from year to year signal annual fluctuations in climate and is the best 

indicator for comparison of long term trends and with other glaciers in Alaska. The annual ELA 

can be determined in two ways.  The first method is to observe the elevation of the transient 

snow line at the end of the summer season.  This may be ambiguous if this is not a well defined 

line or zone and/or if one cannot discern the current year’s snow from previous years.  In 

addition, it may become completely obscured with early snow fall.  The more accurate method to 

determine the annual ELA is to find the altitude at which bn = 0.  Ideally this is calculated using 

two or more mass balance stakes to determine the balance gradient, Δbn/ΔZ, for the glacier for 

the year.  In the case where balance is measured at one site, a balance gradient is assumed.  

Fortunately, balances were measured at two sites on both Kahiltna and Traleika glaciers for 4 

and 5 years, respectively in the 1990s (Mayo 2001).  The average balance gradient, Δbn/ΔZ, from 

this data is used to find the ELA: 

    ELA = ZI – bnI (Δbn/ΔZ)   (eq. 6) 

Where:  ZI is the elevation at the index stake and bnI is the net balance at the index stake. 

Similarly, the net balance at the long term average ELA is found using the same principles and is 

also a useful value to compare with results from monitoring programs on other glaciers: 

    bnAELA  = bnI  - [Δbn/ΔZ (ZI – ZAELA)]   (eq. 7) 

Long term average ELAs for the Kahiltna and Treleika glaciers are shown in Figures 2 and 3. 

Glacier Motion 

Glacier motion was detected by conducting repeat GPS measurements on the ablation stake at 

each visit.  Glacier speed is calculated simply by taking the quotient of the distance traveled and 

time between measurements.  Emergence velocity (Ve) is the rate at which ice is emerging or firn 

is being buried at the stake location.   

    Ve = [(Z1 – Z0) – (b’1 –b’0)]/ (t1 – t0)  (eq. 8) 

Where:  t1 and t0  are the later time and initial time, respectively.   

Z1 and Z0 are the glacier surface heights at a later time and an initial time, respectively. 

            b’1 and b’0 are the glacier stake heights at a later time and an initial time, respectively. 
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Glacier Surface Height   

Glacier surface height at each index station is measured as described in the protocol by taking 

GPS measurements on the surface at approximately equidistant points of a triangle surrounding 

the fixed index coordinate.  Surface height at the index station for that visit is then simply the 

average height of those three measurements.  Changes in surface height are then the difference of 

the average height. 

 

Surging Glacier Observations 
Efforts to record glacial surge activity took several forms.  Rob Burrows conducted a search for 

surging glaciers in DENA with Pilot Colin Milone in the NPS Husky airplane on March 23, 

2010.  Figure 4 shows the approximate flight path.  One survey monument marker on the surface 

of the lower Muldrow Glacier was reoccupied for a fast-static GPS survey on May 19, and a 360 

degree gigapixel panorama was captured at this site.  The lower Muldrow Glacier was also 

photographed in panorama from Oastler Pass.   
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Figure 2.  The Kahiltna Glacier system and surrounding glaciers from 2000 Landsat imagery and 
associated mapped glacier margin.  The glacier equilibrium line altitude (ELA) is approximate, based on 
almost 20 years of long term mass balance monitoring.  The laser profile refers to the path flown and line 
measured for repeat surface elevation surveys by UAF researchers..
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Figure 3.  The Muldrow Glacier system and surrounding glaciers from 2000 Landsat imagery and associated mapped glacier margin.  The glacier 
equilibrium line altitude (ELA) is approximate and based on almost 20 years of long term mass balance monitoring.  The laser profile refers to the 
path flown and line measured for repeat surface elevation surveys by UAF researchers. 
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Figure 4.  Glaciers of interest in Denali National Park and Preserve. Glacier margins are from 1950s air photos.  The red line is the approximate 
flight path for the glacier surge search overflight in March.   

To Denali Park airfield 
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Results 
 

Extent  
 
Comparative Photography 

We photographed panoramas from 11 sites during the field campaigns this year (Table 1).  See 

Figure 4 for locations of these glaciers in DENA.  These are difficult to convey in a written 

report, however, thumbnails of each panorama are in Appendix A.  At the date of this writing, 

the panoramas can be viewed from any computer with a high speed internet connection on the 

Gigapan website, http://www.gigapan.org/profiles/27054/.  The Gigapan platform allows the 

viewer to zoom in on any area of interest at up to the level of detail captured by the camera lens.   

 

Lower resolution 360 degree panoramas have been taken in previous years from the index sites 

and were compiled into comparison images this year (see Appendix A for these).  One historical 

panorama of the Muldrow Glacier from Oastler Pass was duplicated this year, and is presented in 

comparison with the previous panoramas taken in 1925 by S.R. Capps and 2004 by R.D. Karpilo 

in Appendix A. 

 

No analysis was done from the photography this year.  However, to demonstrate the ability to see 

changes between photographs we chose the West Fork Cantwell Glacier, which shows seasonal 

changes in snow and ice cover (Figure 5) and terminus retreat between May and September 2010 

(Figure 6). 

 
GPS Survey Mapping 

The path we walked and the points surveyed on the East Fork Toklat Glacier on September 21 

are shown in Figure 7.  This data is in Appendix B.  Analysis of the data and comparisons to 

historic data will be completed in 2011. 

 
Equilibrium Line Altitudes 

Snowfall in late August fell to a low enough elevation that it obscured the end of season ELA for 

most observed glaciers during the fall field campaign; however ELAs estimates are calculated 

from the index station data (see Table 2 below).  Likewise, on East Fork Toklat Glacier new 

snow made it difficult to determine the ELA. 

http://www.gigapan.org/profiles/27054/


 

 

  
1
2 

 

Table 1.  Metadata for panoramic photography taken in the 2010 field campaigns.  See Appendix A for thumbnails of the photographs and 
http://www.gigapan.org/profiles/27054/ to view the full gigapixel panoramas from anywhere with high speed internet. 

http://www.gigapan.org/profiles/27054/
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Figure 5.  Comparison of panoramic photography of West Fork Cantwell Glacier between May 19 (top 
image)  and September 12, 2010 (bottom image). 
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Figure 6.  Comparison of the terminus of West Fork Cantwell Glacier between May 19 and September 
12, 2010. 
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Figure 7.  Map showing the GPS survey on East Fork Toklat Glacier on 09/21/2010.  The numbers by 
each point are the 2010 measured surface height (in feet for easy comparison with the map).  
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Index Station Measurements 
 
Mass Balance 

Balances at the index stakes are shown in Table 2.  Raw and intermediate data and field 

datasheets are included in Appendix C 

Table 2.  Balance data for the index stakes in 2010. 

 

Glacier 

Stake 
Name 

Measure 
Date 

bw 

(m w.e.) 

bs 

(m w.e.) 

bn 

(m w.e.) 

Balance 
Gradient 

(m w.e./m 
elev) 

ELA 
Estimate 
(meters) 

Kahiltna 
07-K17-

6M 
5/19/10 0.63     

  9/14/10  -1.03 -0.41 0.0023 2104 

Traleika 07-T-6M 5/18/10 0.53     

  9/12/10  -2.04 -1.51 0.0046 2427 

 
Glacier Motion and Surface Height   

At Kahiltna Glacier, the index stake moved 63 m between May 19 and September 14 resulting in 

a speed of 195 m/year.  At Traleika, the stake moved 47 m between May 18 and September 12 

resulting in a speed of 147 m/year.   

The surface height at the Kahiltna index station coordinate was 1938.6 m on May 19 and 1936.7 

m on September 14 resulting in a change of -1.9 m.  On May 18 the surface height at the Traleika 

index station coordinate was 2098.2 m and 2096.1 m on September 14 resulting in a change of -

2.1 m.  The emergence velocities were -4.8 m/yr and +5.8 m/yr for Kahiltna and Traleika 

respectively for the summer season.   

Surging Glacier Observations 
No glaciers were observed to be surging on any of the flights, nor were any reported this year.  

The approximate flight path is shown on Figure 1.  However, to record the state of the Muldrow 

Glacier the location of monument 2 on the lower glacier was recorded using high precision GPS 

on May 18.  See Table 3 for these coordinates and a summary of surface speed since 2006.  In 

addition, two gigapixel panoramas were taken during the May campaign one at monument 2 and, 

as mentioned above, from Oastler Pass. 
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Table 3.  Coordinates and surface speed of monument 2 on Lower Muldrow Glacier. 

Date 
(mm/dd/yyyy) 

Elapsed time 
(yr) Latitude Longitude 

Surface Speed 
(m/yr) 

8/23/2006         

8/20/2007 0.99  63.26956596 
-

150.42350532   

6/1/2008 0.78  63.26975975 
-

150.42284190 51  

9/1/2008 0.25  63.26984047 
-

150.42252640 72  

9/1/2009 1.00  63.26989638 
-

150.42225617 15  

5/18/2010 0.71  63.27001523 
-

150.42175527 40  
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Discussion 
 

East Fork Toklat Glacier 
Comparison of this year’s GPS survey with the 1954 U.S. Geological Survey 15-minute 

quadrangle, Healy B-6, shows substantial thinning below 6100 feet elevation along the 

approximate centerline of the glacier, with over 120 meters (400 feet) of thinning in the terminus 

area (Figures 7 and 8).  The 2010 terminus of active ice (debris covered) is at about the same 

position as the 1954 bare ice margin, however there was ~140 meters (450 feet) of surface 

lowering here during the 56 year period, so it is likely the active ice terminus was down valley 

from this.  Future analysis with 1950s air photos should elucidate this ambiguity. 

Index Station Data 
While the index stations were situated in an attempt for them to represent the balance of the 

entire glacier, the terrain dictated that they could not be located right at the long-term ELAs.  At 

Kahiltna Glacier, the index station had to be located above the long-term ELA because of an 

icefall/highly crevassed zone at that elevation/location, see Figure 3 (Mayo 2001).  Thus the bn 

tends to be higher than that of the area averaged value of the entire glacier.  At Traleika, the 

index station is located below the long-term ELA because at that location is the confluence of 

two major tributaries (Figure 4).  It was thought that it would be better to capture the behavior of 

the main trunk glacier rather than just one tributary (Mayo 2001).  Here the bn tends to be more 

negative than of the entire overall.   

The bw for the Kahiltna Glacier index stake for 2010, 0.63 m w.e., is 58% of the 19-year average 

and that for Traleika, 0.53 m w.e., is 79% of average.  The 2010 stake bs for Kahiltna, -1.03 m 

w.e., is 108% of average and for Traleika, -2.04 m w.e., is 155% of average.  Because the net 

balance can be positive or negative, calculating the percent of average is not a meaningful 

measure.  Instead the net balance is normalized compared to the average and historical minimum 

and maximum.  Using this measure yields a percentage above or below the average, for example 

the highest bn so far has a normalized value of 100% whereas the lowest value has a normalized 

value of -100%.  For this balance year the bn for Kahiltna index stake is -0.41 m w.e. and thus  
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Figure 8.  Elevation of the longitudinal profile from the 1954 Healy B-6 USGS quadrangle and from the 
9/21/10 GPS survey.  Note the good agreement between control points on bedrock at the top and bottom 
of the profiles.  

 

 

has a normalized bn index of -47% and for Traleika the bn is -1.51 m w.e. and a normalized bn 

index of -66%.  In other words, of all the negative net balance years, Kahiltna 2010 bn is 47% the 

value of the most negative balance year, likewise Traleika is 66% the value of the most negative.   

 

Note that the bn values are NOT necessarily indicative of the balance of the entire glacier for the 

year, but they do give an indication of the relative magnitude of the balance of each glacier.   

Figures 9 and 10 also help put the 2010 data into context.  This year was a negative balance year 

at both index stations (Figure 9).  The long-term trends are chosen to be represented by the 

altitude of the ELA, which is calculated from the mass balance at an index stake and an 

estimated balance gradient (Figure 10).  The ELAs were above average, reinforcing the negative 

trend of the last 19 years, but reversing a short-term lowering trend since 2004 at both glaciers 

(Figure 10).   

Surface speed data are consistent with the long term trends (Figure 11).  However, Traleika had 

an anomalously high speed between May and September 2010.  We believe this value is correct 

and possibly a result of above average rainfall during the summer. 
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Figure 9.  Net balance at the index stakes on Kahiltna and Traleika Glacier.  Note that these values are 
NOT indicative of the balance of the entire glacier for the year, but they do give an indication of the 
relative magnitude of the balance of each glacier for the entire year. 

 

 

Figure 10.  The calculated ELAs at each glacier.  These values serve as an index of the entire glacier net 
balance for each balance year, and are a good comparison with patterns and trends on Gulkana Glacier, 
which is monitored by the US Geological Survey. 
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Figure 11.  Surface speed of the index stakes on Kahiltna and Traleika Glaciers since 1991.  Note the 
anomalously high speed of Traleika in late 2010. 

 
 

 
Other Research Conducted 
 
Waste Monitoring on the Southeast Fork of Kahiltna 
Alaska Pacific University (APU) researcher Dr. Michael Loso and his graduate students are 

characterizing the glacier flow around Kahiltna Basecamp on the Southeast Fork of the Kahiltna Glacier, 

in order to assess the potential effects of human waste deposited in crevasses while climbers are on Mt. 

McKinley. This three-year cooperative agreement is assessing glacier dynamics of human waste and the 

associated biological risk to backcountry visitors and local watershed, in order to inform mountain waste 

management practices. In 2009, Loso and students created a preliminary flow map for the base camp area 

and located a buried latrine using a magnetometer (a magnet was installed in the latrine anticipating 

the tracking of its movement). In 2010, the APU researchers will characterize the glacier’s mass 

balance and ice dynamics around key waste disposal sites and aircraft landing zones on the 

Kahiltna and other glaciers, assess the physical and chemical breakdown and fate of human waste 

in glacial environments and nearby, and review existing published literature and best 

management practices regarding human waste disposal in remote arctic environments. One product 

of the investigation will be a compilation of all known research results about the Kahiltna 

Glacier. 
 

Kahiltna Mass Balance Characterization 

Joanna Young, a M.S. student working under Dr. Anthony Arendt at University of Alaska 

Fairbanks is assessing the mass balance on Kahiltna Glacier.  She placed balance stakes on the 

glacier below the ELA in May and checked them again in late August.  She also set up a weather 

station on the lower glacier.  The balance and meteorological data will help to validate a mass 

balance model for the area glaciers, and generate glacier runoff estimates. 

Laser Altimetry 

Dr. Chris Larsen of the University of Alaska Fairbanks collected topographic profiles of selected 

glaciers this year using airborne laser altimetry/LiDAR swath mapping technology. 
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Muldrow Volume Change Analysis 

Dr. Chris Larsen is also working on a volume change analysis of the Muldrow Glacier based on 

previous post-1956-surge maps made by Bradford Washburn, LiDAR mapping of the lower 

glacier in 2006, and results from previous years’ laser altimetry profiles.  In support of this 

analysis, the Geo Spatial Services Project Center of St. Mary’s University of Minnesota 

delivered DEMs and ESRI Geodatabase files generated from georeferenced digital scans of the 

Washburn maps. 

Glacier Assessment in the Kichatna Range 

Joe Bickley, an independent wilderness guide and glacier enthusiast spent some time in the 

remote Kichatna Mountains this summer.  He mapped selected glacier termini using GPS, 

repeated historic glacier photographs, and collected GPS coordinates for repeat photo point 

locations from which to track glacier change into the future. 
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Plans for Coming Year and Recommendations 
  
Long-term monitoring of glaciers in CAKN will continue in 2011 much the same as 2011 

following and refining the protocol and standard operating procedures that we developed this 

year (Adema and Burrows, in progress). 

We will obtain gigapixel photography on a new suite of glaciers, including the Kahiltna Glacier 

terminus, Middle Fork Toklat Glacier, Polychrome Glacier.  Along with the photography, we 

plan to resurvey the termini of these glaciers and, if possible, completely re-map the Polychrome 

Glacier. 

Additional data at the index stations will aid in interpreting past years’ data: 1) We will conduct 

more extensive GPS surveying of the glacier surface elevation in the vicinity of the index 

stations.  This data will aid in interpreting past surveys, since these are spread out up to several 

hundred meters apart and from the index station coordinate.  2) If weather, time, and helicopter 

logistics allow, we will conduct more extensive snow probing on the Traleika Glacier to explore 

patterns of snow accumulation and how representative the index stake is of the area of the glacier 

at which it resides.   

See Appendix G – Logistics Notes for recommendations on improvements on the details and 

logistics for operations. 
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Appendix A –Panoramas for 2010 
 

 
Figure A-1. Muldrow Glacier from Oastler Pass on 05/18/2010.  Camera location: 62.24123 degrees N, 150.67295 degrees W,  1732 m (5680 ft). 
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Figure A-2.  Panoramas from Ostler Pass Viewpoint.  Top photo was taken in 1925 by S.R. Capps, middle photo by Karpiro, 2004 and the bottom image is 
cropped from Figure A-1 (taken 5/18/2010) 

 

 
 

 
Figure A-3.  A 360 degree panorama from near the Mul 2 survey monument on the lower Muldrow Glacier, 05/18/2010.  Camera location:  63.27022 degrees N, 
150.42147 degrees W, 1336 m (4382 ft). 
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Figure A-4. East Fork Toklat Glacier, 05/19/2010.   Camera location:  63.43954 degrees N, 149.66362 degrees W, 1421 m (4661 ft). 

 

 
Figure A-5.  East Fork Toklat Glacier, 09/15/2010.  Camera location:  63.45192 degrees N, 149.6638 degrees W, 1411 m (4630 ft). 



 

 

 
3
2
 

 
Figure A-6.  The terminus area of the East Fork Toklat Glacier, 09/15/2010.  From the same camera location this is zoomed into the big shadow in the photo of 
Figure 5. 

 

 
Figure A-7. West Fork Cantwell Glacier and valley, 05/19/2010.  Camera location: 63.43509 degrees N, 149.36333 degrees W, 1162 m (3812 ft). 
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Figure A-8.  West Fork Cantwell Glacier, 09/12/2010.  Camera location:  63.43514 degrees N, 149.36379 degrees W, 1138 ft (3731 ft). 
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Figure A-9.  A 360 degree panorama near the index station on Kahiltna Glacier, 05/19/2010.  Camera location:  62.94121 degrees N, 151.24586 degrees W, 1933 
m (6339 ft) 

 

 
Figure A-10.  A 360 degree panorama near the index station on Kahiltna Glacier, 09/14/2010.  Camera location:  62.9415 degrees N, 151.24605 degrees W, 1937 
m (6354 ft) 
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Figure A-11. A 360 degree panorama on the medial moraine near the index station on Traleika Glacier, 05/18/2010.  Camera location: 63.12665 degrees N, 
150.78655 degrees W, 2102 m (6896 ft). 
 

 
Figure A-12.  A 360 degree panorama on the medial moraine near the index station on Traleika Glacier, 09/12/2010.  Camera location: 63.1265 degrees N, 
150.7865 degrees W, 2111 m (6924 ft). 
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Figure A-13.  Comparison of 360 degree panoramas taken during the fall visit to the Kahiltna Index Station in 2004, 2005, 2008, and 2009. 
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Figure A-14.  Comparison of 360 degree panoramas taken during the fall visit to the Traleika Index Station in 2008 and 2009. 

 



 

 

 
3
8
 

 
Figure A-15.  Comparison of 360 degree panoramas taken during the fall visit to the Muldrow Monument 2 in 2006, 2008, and 2009.  This is the same area as 
Figure A-3 above but with a different area as the center of the photo. 
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Figure A-16.  Comparison of 360 degree panoramas taken during the fall visit to the Muldrow Monument 1 in 2005, 2008, and 2009. 
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Figure A-17.  A comparison photograph of the upper-mid Muldrow Glacier and small glaciers mantling Mt. Tatum. 
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Figure A-18.  A different perspective of some of the same terrain in Figure A-17. 
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Figure A-19.  Aerial oblique photographs looking down the lower Muldrow Glacier to the terminus.  The 1959 photo was 
soon after the 1956/57 surge.  
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Appendix B – East Fork Toklat Glacier GPS Survey data 
 

 

Table B-1.  All data were collected using two Trimble R6 GPS receivers, one as a base station at Point 
Natasha and the other as a rover.  Coordinates are in WGS84 datum ellipsoid heights. 

 
Pt_Name Latitude Longitude height_m height_ft 

unamed_Pt 63.40016165 -149.6855883 2052.159 6731.1 

97-10-6M 63.4108323 -149.681117 1783.936 5851.3 

97-11-3M 63.40706709 -149.6844233 1873.293 6144.4 

97-7-3m 63.41854343 -149.6687207 1686.636 5532.2 

97-9E-3M 63.41259185 -149.6754518 1750.243 5740.8 

dwnedunlbled 63.43060661 -149.6698891 1484.852 4870.3 

eftaaab 63.43606978 -149.6721623 1422.418 4665.5 

eftaice-2010 63.44526733 -149.6732029 1323.793 4342 

eftammrne2010 63.44534233 -149.6746351 1355.558 4446.2 

eftb-2010 63.42340633 -149.6656397 1612.316 5288.4 

eftba-2010 63.42534771 -149.6653546 1586.614 5204.1 

eftbaa2010 63.42788167 -149.6659017 1538.339 5045.8 

eftbaaa2010 63.43028138 -149.6681576 1492.593 4895.7 

eftc2010 63.41415707 -149.6735542 1732.814 5683.6 

eftcb 63.41556901 -149.6716792 1719.819 5641 

eftdddde 63.40682624 -149.6823688 1860.734 6103.2 

eftddddee 63.40967849 -149.6811835 1796.909 5893.9 

eftddde 63.40484246 -149.6810851 1922.687 6306.4 

eftdde 63.40363293 -149.680487 1956.311 6416.7 

eftde 63.40301949 -149.681084 1968.443 6456.5 

efte1 63.40039954 -149.6838787 2013.676 6604.9 

efte2 63.4003454 -149.6825681 2006.705 6582 

efte3 63.40021643 -149.6828134 2007.015 6583 

eftterm01 63.4560169 -149.677269 1208.385 3963.5 

eftterm06 63.45622465 -149.6766265 1208.747 3964.7 

eftterm11 63.45608469 -149.6758275 1210.067 3969 

eftterm16 63.4558062 -149.6749479 1210.82 3971.5 

eftterm21 63.45485896 -149.6738711 1212.829 3978.1 

natasha 63.46714367 -149.6847955 1364.494 4475.5 

nrtrmonmmrne 63.45110064 -149.6749572 1284.94 4214.6 

ScrwD 63.39979277 -149.6829731 2012.737 6601.8 

toprebar 63.39977973 -149.682892 2011.526 6597.8 

unabelledstk 63.42562342 -149.6648517 1581.172 5186.2 
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Table B-2.  The baseline processing report output from the Trimble Business Office software after post 
processing the data.  Most useful in this table are the horizontal and vertical precisions for each point. 
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Figure B-1.  The top of the datasheet for stake 97-7-3M on the East Fork Toklat Glacier (EFT).  The GPS 
data was not recorded on this sheet thus the bottom section is not included in the interest of space. 

 

 

 

 

 
 
Figure B-22.  The top of the datasheet for stake 97-9E-3M on the East Fork Toklat Glacier (EFT).  The 
GPS data was not recorded on this sheet thus the bottom section is not included in the interest of space. 
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Figure B-33.  The top of the datasheet for stake 97-10-6M on the East Fork Toklat Glacier (EFT).  The 
GPS data was not recorded on this sheet thus the bottom section is not included in the interest of space. 
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Figure B-4.  The top of the datasheet for stake 97-11-3M on the East Fork Toklat Glacier (EFT).  The 
GPS data was not recorded on this sheet thus the bottom section is not included in the interest of space.
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Appendix C – 2010 Index Data  
 
Table C-1.  Balance Data from the worksheet used to calculate the balances from the data collected in the field. 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Table C-2. Ice motion and glacier surface height data from the long-term observation sites. 
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Table C-3.  Coordinates measured using GPS around the index station coordinate on Kahiltna and Traleika Glaciers for the spring and fall visits in 2010. 
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Figure C-1.  A copy of the working data sheet for the spring visit on 5/19/10 to the Kahiltna Index Station. 
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Figure C-2.  A copy of the working data sheet for the fall visit on 9/14/10 to the Kahiltna Index Station. 
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Figure C-3.  A copy of the working data sheet for the spring visit on 5/18/10 to the Traleika Index Station. 
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Figure C-4.  A copy of the working data sheet for the fall visit on 9/12/10 to the Traleika Index Station. 
 



 

55 

 

 

 

5
5 

 
Figure C-5.  A copy of the working data sheet for the visit on 9/15/10 to the Traleika Index Station to place a new ablation stake. 
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Figure C-6.  A copy of the working data sheet for the visit on 9/15/10 to the Kahiltna Index Station to place a new ablation stake. 
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Appendix D- Index Data Summary 
Table D-1. A summary of balances for the entire period of record for Kahiltna and Traleika Glaciers.  
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Table D-2.  A summary of the calculated 
ELAs for the Index glaciers.  ELAs for 
1992 through 1995 were calculated 
using two stakes.  For other years the 
ELA is calculated using an assumed 
balance gradient, the altitude of the 
stake and the net balance for that year 
(see equation 6 in the main report). 

Table D-3.  A summary of the 
calculated net balances at the 
ELAs in Table D-2 for the 
Index glaciers  in the main 
report.  See equation 7 in the 
main report. 
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Appendix E– Report for CAKN 2010 Program Highlights  
 

 Cooperative agreements were established with University of Alaska, Fairbanks and 

Alaska Pacific University to create glacier extent, inventory, and volume change products 

for Alaska national parks (including DENA and WRST) over the next 3 years. 

 Development of a modern protocol document and standard operating procedures. 

 Fieldwork was conducted at DENA  during two field campaigns in May and September, 

in addition to a fixed wing over flight in March to search for surging glaciers.  No surging 

glaciers were detected this year.  Field measurements indicate that the net balance at both 

index stations and for the entirety of the glaciers was negative this year.  The negative 

mass balance adds to the overall negative trend in the cumulative balance since 

measurements started in 1991.  Although this year marks the reversal of a shorter term 

positive trend since 2004 on both glaciers.  The surface speed at the index station appears 

to be decreasing through time since 1991 on Kahiltna and increasing at Traleika with an 

unprecedented acceleration between May and September 2010.  Panoramic gigapixel 

photography was newly employed this year for several sites.  In addition, a GPS survey 

on East Fork Toklat glacier collected glacier surface elevation data along a longitudinal 

profile, legacy mass balance stake location and heights, and several points to map the 

terminus position.  The survey on East Fork Toklat shows continued thinning of 30 to 

140 meters.   

 Glacier monitoring program highlights and results were presented at the Northwest 

Glaciologists meeting in Fairbanks, AK on October 8, 2010. 
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Appendix F – Report for DENA Current Resource Projects 
 

Long-term Glacier Monitoring 

In 1991, Denali researchers established long-term glacier monitoring sites 

on the Traleika and Kahiltna Glaciers to monitor long-term glacier flow and mass balance 

changes. These glaciers were selected to compare glaciers on the north (Traleika) and south 

(Kahiltna) sides of the Alaska Range (dryer and wetter climates, respectively). The measuring sites for 

both glaciers are located at approximately 6000’ (1830 m). The Kahiltna Glacier flows ~660 feet (200 

meters) per year, while the Traleika Glacier moves ~230 feet (70 m) per year. 

 

This was a busy year for the program with production of a modern protocol document with 

several additions and changes to the monitoring protocol, continuing field work, and cooperative 

agreements established with University of Alaska, Fairbanks and Alaska Pacific University to 

create extent and volume change products over the next 3 years. 

Fieldwork was conducted at DENA during two field campaigns in May and September, in 

addition to a fixed wing over flight in March to search for surging glaciers.  The May campaign 

collected snow depth, snow density, glacier surface height, glacier stake height (in relation to the 

glacier surface), and precise stake position data at each index station on Kahiltna and Traleika 

Glaciers.  The precise location of one survey monument on the lower Muldrow Glacier surface 

was GPS surveyed to track changes in surface height and glacier velocity.  The September 

campaign collected glacier surface height, glacier stake height (in relation to the glacier surface), 

and precise stake position data at each index station.  In addition, a GPS survey on East Fork 

Toklat Glacier collected glacier surface elevation data along a longitudinal profile, legacy mass 

balance stake location and heights, and several points to map the terminus position.  Panoramic 

gigapixel photography was newly employed this year for several sites: 360 degree panoramas at 

the index stations (spring and fall) and Muldrow Glacier monument (spring); panoramas were 

taken from vantage points above the lower sections of East Fork Toklat, West Fork Cantwell 

(spring and fall); and at one historic panorama point, at Oastler Pass, above the lower Muldrow 

Glacier (spring). 

A GPS survey conducted on East Fork Toklat Glacier shows dramatic thinning of over 120 

meters (400 feet) since the 1950s (Figures F-1 and F-2). 

Reduction of the mass balance data shows a negative net balance at both index stations on each 

glacier  (Figure F-3).  The negative mass balance adds to the overall negative trend in the 

cumulative balance since measurements started in 1991, although this year marks the reversal of 

a shorter term positive trend since 2004 on Kahiltna Glacier with 2009 marking the same 

reversal at Traleika.  These long-term trends are represented by the altitude of the equilibrium 

line altitude (ELA) which is calculated from the mass balance at an index stake and an estimated 

balance gradient (Figure F-4).  The ELA is chosen as the indicator for the overall balance/health 

of the glacier for each year. 

The surface speed of the Kahiltna Glacier at the index station was 195 m/year and 147 m/year at 

Traleika.  The surface speed at the index station appears to be decreasing through time since 
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1991 on Kahiltna and increasing at Traleika with an unprecedented acceleration between May 

and September 2010 (Figure F-5). 

No glaciers were observed to surge this year. 

Long-term monitoring of glaciers in CAKN will continue next year much the same as this past 

year following and refining the protocol and standard operating procedures that we developed 

this year (Adema and Burrows, in progress). 

We will obtain gigapixel photography on a new suite of glaciers this year, including the Kahiltna 

Glacier terminus, Middle Fork Toklat Glacier, Polychrome Glacier.  Along with the photography 

we plan to resurvey the termini of these glaciers and if possible completely re-map the 

Polychrome glacier. 

Additional data at the index stations will aid in interpreting past years’ data: 1) We will conduct 

more extensive GPS surveying of the glacier surface elevation in the vicinity of the index 

stations.  This data will aid in interpreting past surveys, since these are spread out up to several 

hundred meters apart and from the index station coordinate.  2) If weather, time, and helicopter 

logistics allow we will conduct more extensive snow probing on the Traleika Glacier to explore 

patterns of snow accumulation and how representative the index stake is of the area of the glacier 

at which it resides.   
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Figure F-1.  An oblique aerial view up the lower East Fork Toklat Glacier on September 14, 2010. 
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Figure F-2.  Elevation of the longitudinal profile from the 1954 Healy B-6 USGS quadrangle and from the 
9/21/10 GPS survey.  Note the good agreement between control points on bedrock at the top and bottom 
of the profiles.  
 

 
Figure F-3.  Net balance at the index stakes on Kahiltna and Traleika Glaciers.  Note that these values 
are NOT indicative of the balance of the entire glacier for the year, but they do give an indication of the 
relative magnitude of the balance of each glacier for the entire year. 
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Figure F-4.  The calculated ELAs at each glacier.  These values serve as an index of the entire glacier 
net balance for each balance year, and are a good comparison with patterns and trends on Gulkana 
Glacier, which is monitored by the US Geological Survey. 
 

 
Figure F-5.  Surface speed of the index stakes on Kahiltna and Traleika Glaciers since 1991.  Note the 
anomalously high speed of Traleika in late 2010. 
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Appendix G – Report for Research Permit Reporting System  
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During 2010, three main program goals were accomplished:  (1) a draft revised 

monitoring protocol with several additions and changes to the monitoring protocol was 

completed, (2) long-term monitoring continued for the 20
th

 consecutive year, and (3) 

cooperative agreements established with University of Alaska, Fairbanks (UAF) and Alaska 

Pacific University (APU) to develop a glacier inventory for Alaska, focusing on a glacier 

extent and volume change products over the next 3 years (see separate RPRS report).  

Glacier related research included the second year of a three year study to assess the impacts 

of human waste on the Kahiltna Glacier with APU (see separate RPRS report), analysis of 

2006 LiDAR data and a 1970s Washburn topographic map of Muldrow Glacier continued 

by UAF, and a UAF M.S. student conducted mass balance measurements and installed a 

weather station on the lower Kahiltna Glacier (see separate RPRS report).   
Mass balance Fieldwork was conducted at Denali during two field campaigns in 

May and September in addition to a fixed wing overflight in March to search for surging glaciers.  No surging 

glaciers were detected this year. 

Field measurements indicate that the net balance (bn) at both index stations (Kahiltna and Traleika 

glaciers) and for the entirety of the glaciers was negative this year.  The bn at the Kahiltna index stake was -

0.41 meters water equivalent (m w.e.), which is 47% of the most negative bn measured to date.  This is a 0.41 

m w.e. decrease in the current positive cumulative balance of 3.00 m w.e., which is calculated since 

measurements started in 1991.  The winter balance (bw) at the Kahiltna stake was 0.63 m w.e. (58% of 

average) and the summer balance (bs) was -1.03 m w.e. (108% of average).  The equilibrium line altitude 

(ELA) is calculated to be 2104 meters this year with the bn calculated there as -0.41. 

           The bn at the Traleika Glacier index stake was -1.51 m w.e., which is 66% of the most negative bn 

measured to date.  This is a further decrease in the negative cumulative balance of -13.26 m w.e., which is 

calculated since measurements started in 1991.  The winter balance (bw) at the Traleika stake was 0.53 m w.e. 

(79% of average) and the summer balance (bs) was -2.04 m w.e. (155% of average).  The equilibrium line 

altitude (ELA) is calculated to be 2425 meters this year with the bn calculated there as -0.96 m w.e. 

           The surface speed at the Kahiltna index station was 185 m/yr between 9/3/2009 and 5/19/10 and 195 

m/yr between 5/19/10 and 9/14/10 (the average is 203 m/yr).  The overall trend for Kahiltna appears to be 

decreasing through time since 1991.  Traleika was 95.8 m/yr between 

9/1/2009 and 5/18/10 and 147 m/yr between 5/18/10 and 9/12/10 (the average is 66.6 m/yr).  The overall trend 

for Traleika appears to be increasing through time since 1991 and the summer speed is unprecedented in this 

period of measurement. 

Panoramic gigapixel photography was newly employed this year for seven sites.  In addition, a GPS 

survey on East Fork Toklat glacier collected glacier surface elevation data along a longitudinal profile, legacy 

mass balance stake location and heights, and several points to map 

the terminus position.  The survey on East Fork Toklat shows continued 

thinning of 30 to 140 meters since 1950s. 
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Appendix H – Report for Superintendent’s Annual Report 

Glacier Waste Monitoring 

An agreement was developed with Alaska Pacific University research Dr. Michael Loso to assess 

effects of human waste on Mt McKinley. The three-year project will assess the biological risk to 

backcountry visitors and related glacier dynamics in order to inform mountain waste 

management practices. In 2010, a graduate student collected snow and water from various areas 

on and around the West Buttress climbing route for analysis of bacterial effects on the 

environment. The student also conducted extensive searches for historic human waste, but wasn’t 

able to find any after significant effort. The work built on prior work by an APU student 

established the surface movement field in the area of the Kahiltna base camp. At the end of 2011, 

we hope to add a glacier flow model. These data taken together will inform future management 

of waste on Mt McKinley. 

 

Glacier Monitoring 

Cooperative agreements were established with University of Alaska, Fairbanks and Alaska 

Pacific University to create glacier extent, inventory, and volume change products for Alaska 

national parks (including DENA and WRST) over the next 3 years. We continued development 

of a modern protocol document and standard operating procedures. Fieldwork was conducted at 

Denali during two field campaigns in May and September in addition to a fixed wing over flight 

in March to search for surging glaciers.  No surging glaciers were detected this year.  Field 

measurements indicate that the net balance at both index stations and for the entirety 

of the glaciers was negative this year.  The negative mass balance adds to the overall negative 

trend in the cumulative balance since measurements started in 1991,  although this year marks 

the reversal of a shorter term positive trend since 2004 on both glaciers.  The surface speed at the 

index station appears to be decreasing through time since 1991 on Kahiltna and increasing at 

Traleika with an unprecedented acceleration between May and September 2010.  Panoramic 

gigapixel photography was newly employed this year for several sites.  In addition, a GPS survey 

on East Fork Toklat Glacier collected glacier surface elevation data along a longitudinal profile, 

legacy mass balance stake location and heights, and several points to map the terminus position. 

 The survey on East Fork Toklat shows continued thinning of 30 to 140 meters.  Glacier 

monitoring program highlights and results were presented at the Northwest Glaciologists 

meeting in Fairbanks, AK on October 8, 2010. 
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Appendix I – Logistics Notes 
 

Helicopter logistics in the fall were complicated somewhat by the requirement in the IHOG to 

have a Helicopter Manager on board the aircraft for landing at unimproved landing zones when 

the highest level of certified training of the other passengers is a only a B3.  The helicopter 

available for the fall flights had limited allowable payload, so sometimes this meant extra flights.  

When the certified level of training for those others (the glacier monitoring personnel) is 

Helicopter Crewmember then the requirement for the on board Helicopter Manager is not 

needed.  Therefore, in future years, staff should have at the least the Helicopter Crewmember or 

Helicopter Manager certifications current. 

The new index stakes placed in 2010 were constructed of shorter 2-meter sections (3-meter 

sections have been used in the past).  The stake sections were shortened to fit in the belly pod of 

the Hughes 500 helicopter, as strapping the longer stakes to the skids as has been done in the past 

was decided to be too unsafe. 

 

The individual photo files and stitched gigapixel panoramas are kept and backed up in digital 

form on the computer with service tag number: 4SY8CG1 (currently in the Resources Annex at 

DENA headquarters).   

 

The most marked change to the protocol for index station measurements is to abandon recording 

GPS position on the top of the stake.  We decided the extra effort and time to take this 

measurement did not justify the added precision. 
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